The technic of tissue culture has recently been improved so much that some cell lines can be carried in just the same manner as bacterial cultures. Siminovitch et al. (1957) showed that the growth mode of the L strain cells cultivated in suspension resembled those of bacteria.
The HeLa strain cells which grow adhering to the bottom of culture flask were proved to have 3 phases, namely lag, logarithmic and stationary, during their growth (Yamada et al., 1956) . While it is known that bacterial cells change their physiological activities according to growth phases, no such kinetic observation has been made on animal cells in tissue culture.
There are some reports (Warburg, 1955; Leslie et al., 1956; Phillips and Feldhaus, 1956; Phillips and Mc Carthy, 1956 ) on the metabolism of animal cells cultivated in vitro in respect to their malignancy.
These findings, however, cannot be compared with those obtained on tissues in vivo with balanced nutrition and discharge, because it is obvious that the cells growing in vitro produce some changes in the closed environmental condition which in turn affect the physiological activities of the cells. The physiological activities of the cells in vitro, therefore, should be pursued throughout the process of their changes during the cell growth.
In the present study, the changes in endogenous respiration and anaerobic glycolysis of the HeLa strain cells were pursued through the course of their growth. It was observed that the utility rate of respiration was higher at the earlier stage and that of glycolysis increased as the cells grew. Those changes are considered to be due to the characters of the cells affected by the environmental condition in vitro.
MATERIALS AND METHODS
Cells: The HeLa strain cells were used. They were given to us by Dr. Nitta, Department of Antibiotics, and have been passaged through more than 30 culture transfers in Medium LY as will be mentioned later. including glucose (0.1% in the final concentration) and NaHCO3 and the diluent was used in 1 cc. The activities were expressed in terms of the volume of 02 uptaken or CO2 produced per cell and per mg nitrogen. The limit of sensitivity was 0.1 mm3. Therefore, when a certain number of cells is used so that the manometer indicates a difference of 5 to 10 mm3 during an observation period of about 1.5 hours, the estimated value has a sensitivity of 1 to 2%. Actually 0.5 to 5.0 x 106 cells were used according to the activities at each growth stage. In general, 02 uptake and CO2 production were performed linearly up to 1.5 hours after starting, except in aged cultures.
A typical experiment is shown in Fig. 1 . Nitrogen content was determined by the colorimetric method with Nessler's reagent. the same tendency as previously reported (Yamada et al., 1956; Takano, 1957) ; namely, the mean generation time in the logarithmic phase was comparatively long, 31 hours in this case, and the duration of stationary phase was longer. In Med. LY, the growth rate was greater, the mean generation time being 24 hours, the maximum size was larger and the duration of stationary phase was shorter, almost none, in comparison with the case of the former medium. Nitrogen content per cell had a peak in the early stage, on the 1st or 2nd day of cultivation, in both The uppermost chart illustrates changes in cell population (solid lines) and total N content (interrupted and dotted lines), the middle endogenous respiration, and the lowest anaerobic glycolysis. In the middle and lowest charts, solid lines show activities per cell and interrupted and dotted lines those per mgN. Values on 0 day were presumed from those on the 7th day. A case with a larger inoculum size. The uppermost chart illustrates cell population (solid line), total N content (interrupted and dotted line) and N content per cell (interrupted line) ; the middle respiration and the lowest glycolysis. In the middle and lowest charts, solid lines show activities per cell and interrupted and dotted lines those per mgN. Values on 0 day were presumed from those on 7 th day.
DISCUSSION
By the present work, it has been indicated that the HeLa strain cells growing in vitro have a high activity in respiration at the early stage and later glycolysic activity increases as respiration decreases. Such a tendency may be considerable in the cells which are growing in a closed environment.
It is noteworthy, however, that decrease in respiration and increase in glycolysis occur while the cells grow exponentially, and that the activity of respiration per nitrogen content is not constant, differing from the case of E. coli (Hershey et al., 1938) . Recently, Barban et al. (1956) demonstrated that extracts of the HeLa cells contained all the enzymes involved in the Krebs citric acid cycle and cited, in the report, Eagle's isotopic experiments which suggested that the operation of the citric acid cycle might be an important pathway for supplying the energy requirements of this mammalian 
